I. INTRODUCTION
A reconfigurable multiband antenna has led to great demand component for the mobile devices that can operate several frequency bands for different communication systems and standards. By selecting different antenna switch mode, several of communication systems include GSM, DCS, PCS, UMT, Bluetooth and WLAN can be served by one antenna. Several approaches have been proposed in the implementation of the frequency reconfigurable antenna. Most of these approaches use either electronic or electromechanical switches [1] - [3] where the ON or OFF mode are controlled. In [1] , an RF MEMS switch was applied to change the slot dimensions in improving the impedance bandwidth for the E-patch antenna. RF MEMs has been chosen due to the satisfactory RF properties includes low insertion loss, good impedance matching and high isolation. PIN diodes were demonstrated in [2] to achieve dual band polarization reconfigurable antenna. The antenna can radiate horizontal, vertical or 45 ͦ linear polarization by switching the PIN diodes. Different types of switches have different advantages to be applied in certain design. The switch was proposed in [3] for the Manuscript received June 5, 2015; accepted October 12, 2015 reconfigurable multiband antenna to switch ON and OFF two patches antenna two operates antenna in two different dual band mode or wideband mode.
Reconfigurable multiband antenna demonstrated in some papers can be switched from single narrowband to another single narrowband [4] , between dual band to another dual band [5] and multiband to other multiband configurations [6] . Proposed antenna in [4] by having 5 PIN diodes switches to serve switchable multiband operations of the antenna that can operate, one at a time at five adjacent frequencies sub bands in UWB. Differently in [6] , the antenna that can switch to single, dual or triple band modes was proposed. The slot was designed to control the arms of the dipole either switch in and out from the slot edges.
Several methods were approached in design the multifrequency from a single antenna. In [7] , the dual band functionality was achieved though a perturbation method by coupling an electrically a two-turn spiral resonator to the antenna. The position of the resonators along the line affects the characteristic impedance. Dual operating frequencies also were achieved by loading two pairs of narrow slots in the triangular patch [8] . By adjusting the slot, protruding a narrow slot out of embedded slots close to the side edges; broad-band radiation was obtained. A triple band also was proposed by employed a cross slot in the ground plane in [9] . Other methods were by integrated with the dipoles printed on the same substrate to perform triple band with directional radiation pattern [10] . It consist a top loaded dipole for lower frequency, two longer dipoles for middle frequency and two shorter dipoles for upper frequency. Thus, the integration by two patches is implemented in this paper to achieve two frequency bands.
With the rapid development of Radio Frequency Identification technology in service industries and commercial wireless applications, many papers were presented in the literature [11] - [17] . Most of RFID antennas were designed to operate at one or more frequency bands, Low Frequency, High Frequency, Ultra High Frequency, and Microwave. Each of frequency bands has their own advantages. Thus, the urge of multiband RFID antennas is becoming vivid. As a result, there are many papers were designed a multiband antenna for RFID applications which was applicable for several standards [11] . Due to different worldwide regulations, the frequency bands have different locations in the spectrum. For an example is UHF-RFID [14] . Recently, UHF and ISM bands become popular to be designed as dual band antennas for RFID long range application [15] - [17] . In [15] , a dual band frequency was performed by controlling the shape and size of the diamond shape patch. The bandwidth was 18 MHz (902 MHz-920 MHz) in UHF band and 80 MHz (2.42 GHz-2.5 GHz) in ISM band with the size of the antenna was 150 mm × 127 mm × 5 mm. The antenna bandwidth was expanded by utilizing the coupling effect between the notched patch and the resonant aperture for dual-band RFID reader antenna 155 mm × 230 mm in size [16] . In developing an advance tracking system, RFID and GPS antenna are important technologies as tracking and locator system. In order to achieve that, the new integration design for UHF RFID and GPS was presented in [18] .Two types of substrate were needed, TLX-9 substrate and FR-4 substrate and by optimizing printed quadrifilar antennas (PQAs) to operate two different resonant frequencies. The compactness of integration is required to mountable on any product as portable device. Thus, the reconfigurable antenna is one of the most suitable antennas for operate both system, RFID and GPS.
In this paper, a simple structure antenna operating as single band for GPS application and dual band, UHF and ISM bands for RFID applications is proposed. The proposed antenna uses a single substrate and no ground plane is required. The C-shaped patches perform as a radiating element is loaded with a basic dipole antenna to achieve a dual band antenna is presented. The optimized antenna is prototyped and tested for verification. The methodology as well as discussions on both simulation and measurement is presented in the subsequent sections II. ANTENNA DESIGN
A. Dipole Antenna Design
The proposed antenna is designed on a Fire Retardant-4 board (FR4) with the dimension of 90 × 25 mm 2 in size which has a relative dielectric constant of εr = 4.7 with tangent loss of 0.019 and it has a 1.6 mm substrate thickness and a 0.035 mm copper thickness. A planar dipole antenna is designed as the basic antenna resonating as lower band with omni-directional radiation pattern. The structure of the dipole antenna consist of two dipole arms which are located at the same sides of the board as depicted in Fig. 1 . L1 is the length of the arm dipole and W1 is the width of the arm dipole. It is symmetrical of dipole arms with the gap between the dipole length is 1 mm. The L2 × W2 connects to the port (SMA connector) to one of two dipole arms underneath of the board. Another dipole arm is connected as a ground. For this proposed antenna, ground plane are not required. The final dimensions of the optimized dipole loaded with Cshaped patch structure is shown on Table I In design process, the single band is performed when the dipole antenna is radiated. The operating frequency can be tuned by adjusting the electrical length of the antenna. Thus, L1, the length of both arms element are adjusted equally at both side and the width of dipole W1 is constant to vary the frequency response. The dipole is designed less than half a wavelength long as required to get better performance. A good approximation is 0.47 times the wavelength [19] . Therefore the length is calculated as shown below
where v is the actual propagation speed on the dipole radials and f is the resonant frequency. This speed depends on the effective dielectric constant of the environment surrounding the arms. The speed is calculated with the equation
where c is the speed of light in vacuum and ɛeff is the effective dielectric constant of the surrounding media. The effective dielectric constant for a printed arm on a substrate depends on the geometry and the dielectric constant of the substrate.
B. C-shaped Patch Concept
Basic dipole and C-shaped patch antennas configuration are discussed based on the current distribution as shown in Fig. 2 by using CST software. The arrow is highlighted with the black colour to study how the current distribution along the path for different dimensions. In Fig. 2(a) , dipole performs a single resonant as the current distributions resonate along the dipole length, L1. A single resonant is still achieved when the dipole loaded with a rectangular patch as depicted in Fig. 2(b) . As the result, the operated frequency is decreased as the current flows over a longer geometrical path. By introducing the slots in the rectangular patch, the distribution of the current is similar to the E-shaped patch current flows as shown in Fig. 2(c) .The slot dimension of patch can be adjusted to provide a desired impedance matching performance [1] . Thus, the concept of E-shaped patch antenna is applied. Typically, the E-shaped patch antenna was presented in literature for dual resonance [1] , [20] and wideband [21] , [22] due to the slot dimensions that was introduced in patch.
C. Effects of Varying Parameters of C-shaped Patch
The proposed rectangular patch (c × d) as a radiating element is designed to be loaded with dipole antenna in supporting strong currents and radiation at resonance. As shown in Fig. 1 , structure of C-shaped patch is described where a is slot width, b is the slot length, c is the length of the rectangular patch and d is the length of the rectangular patch. The combined structure of C-shaped patches antenna and the dipole antenna at both length elements is found to be resonating at dual band. The analysis of the return loss curves when a is varied is shown in Fig. 3 . The rectangular patch 19 × 22 mm 2 is loaded with dipole antenna (when a = 0), only a single resonance frequency is performed at 1 GHz. The difference of operating frequency between single dipole and loaded dipole is 30 % caused by the length of dipole arm is increased about 15 % after loaded with the C-shaped patches. The length of loaded dipole's arm is increased about 44. 5 
mm [L1 + gap of the two patches + (d -b)].
When the length of a is increased greater than the dipole width (a > W1), the excited surface current has produced the upper resonant frequency as the slot is introduced. Thus, a dual band is achieved. As the result, the lower band frequency also slightly changed. Thus, as the value of a is varied in the range, 5 mm ≤ a ≤ 13 mm, the range of lower frequency is decreased from 0.951 GHz to 0.885 GHz and the range of upper frequency is increased from 2.367 GHz to 2.499 GHz.
Secondly the analysis of slot length is done by varied by the range of 13mm ≤ b ≤ 19 mm as remaining the value of a = 9 mm, c = 19 mm and d = 22 mm. By altering the dimension of value b, the bandwith for upper band are effected and the bandwith of lower band is remain constant. When the slot length is reduced, the performance of bandwidth and frequency resonant are changed. However, the bandwidth of lower frequency not much changes, almost 80 MHz when the value of b is increased by 13 mm, 15 mm, 17 mm and 19 mm. On the other hand, the resonant frequency of upper band is raised to higher frequency as the value of b is decreased. Thus, the length slot dimension is caused the frequency of resonant and bandwidh for upper band is changed.
As shown in Fig. 4 , the upper frequency can be adjusted when value of d is varied between the range 18 mm ≤ d ≤ 22 mm by remaining the value of a = 9 mm, b = 19 mm and c = 19 mm to perform a required upper frequency. However, the length of dipole arms must be remained as 44.5 mm. As the value of d increasing, the lower frequency resonant is slightly decreased from 0.921 GHz to 0.885 GHz with the small differences of changes that are about 3 %. The large changes of operating frequency can be seen at upper frequency with percentage of differences at almost 10 %, and the range is decreasing from 2.706 GHz to 2.499 GHz.
Finally, the analysis of c value of C-shaped patches which is caused the resonant frequency of lower band effected. The width of rectangular patch is varied between the range, 19 mm ≤ c ≤ 27 mm. Consequently, the lower frequency is decreased from 0.89 GHz to 0.81 GHz as the value of c is increased within the range. The percentage of the differences of lower frequency is almost 2.3 % when the c is adjusted with 19 mm, 21 mm, 23 mm, 25 mm and 27 mm. However the percentage of differences for upper frequency is small, 0.3 % where the frequency range is from 2.466 GHz to 2.493 GHz.
In operating as a reconfigurable multiband antenna, the switch is placed in between the dipole arm and the C-shaped patch antenna for both elements. These two switches are operated at the same time either switch-on or switch-off Ideal switches are designed in conneting two radiating patches for the simulation purpose using CST software. In this model assumption, the switch-off is represented by open circuit and switch-on is represented by short circuit.
D. MEMs Switches
In this design, the RMSW101, Single Pole Single Throw (SPST) RF Switch is utilizing in the proposed antenna. The switch delivers high linearity, high isolation, and low insertion loss in a chip-scale package configuration [1] . In placing the switch, the gap, 1.5 mm is designed between a dipole arm and C-shaped patch. A square 1 mm 2 in size is designed at both arm length to place the switches as shown in Fig. 5 .
The MEMs switch demand a 90 VDC applied to the gate actuation. To operate the MEMs switch properly, the source and drain of the switch should maintain voltage 0 V. The direct integration of dc bias line is designed to actuate the switch and the patch antenna is connected to dc ground plane to have the dc continuity. When the switch is OFF at voltage 0 V, a dipole antenna is operated as a single band. When the switch is ON, the direct current path is created across the gap between the two patches which is resonating a lower and upper frequency. The wirebond are used to connect the source to the dipole arm, connect the drain to the C-shaped patch and the gate is connected to the dc supply via bias line. To isolate the actuation of the two switches, the sources and drain of both switches are the dc potential which is applied through their respective gate of the switch.
III. RESULT AND DISCUSSIONS
The design and development of the proposed antenna is achieved by using Computer Simulation Technology software (CST) where the performance of the proposed antenna can be thoroughly studied when both switches are OFF or ON state. Here, the simulated and measured reflection coefficient of the prototype is presented (Fig. 6 ) by using vector network analyser. A good agreement between the simulated and measured return loss of the prototype has shown. However, the differences have occurred due to effect of switches and SMA connector soldering and fabrication tolerances.
According to simulated reflection coefficient at 1.2275 GHz is -23.14 dB and the bandwidth is 140 MHz. However, the measured reflection coefficient curve the proposed antenna is excited at 1.38 GHz with a -47.23 dB performs the bandwidth greater than simulated value that is 344 MHz satisfies the (<-10 dB) when the switches are OFF state. The difference percentage is about 56 %. The simulated gain and directivity of the proposed antenna are 2.06 dBi and 2.135 dB respectively. The radiation efficiency is performed better which is 98.3 %. A proposed dual-band antenna is performed when the switches are ON state. Based on the Table III, the lower band of measured reflection coefficient is excited at 0.933 GHz with -21.9 dB return loss. The percentage of differences between simulated and measured resonant frequency is 4.8 %. In addition, the measured reflection coefficient is better than simulated. For the upper band, the frequency resonance of the proposed antenna is 2.52 GHz with -20 dB return loss. The bandwidths for lower and upper bands are 113 MHz and 206 MHz respectively. As compared with the simulated bandwidth, measured dual band bandwidths are greater with the percentages are 38 % and 36.8 %. The desired frequencies are performed below -15 dB where a narrowband characteristic is shown. It is useful to minimize the potential interference. The gain of lower band is 2 dBi and the directivity is 1.97 dB. However, the gain and directivity for the upper band is greater than lower band which is 3.29 dBi and 3.31 dB respectively. Secondly, the radiation patterns of E-plane and H-plane patterns are discussed to describe the performance of the antennas. The E-plane contains electric field vector and direction of maximum radiation. On the other hand, the plane that contains a magnetic field vector and direction of maximum radiation is the H-plane. The radiation patterns of different states are shown in Fig. 7 and Fig. 8 . When the switch is OFF, the radiation pattern at 0.89 GHz omnidirectional radiation pattern is performed in H-plane and bidirectional in E-plane like a dipole. Besides, when the switch is ON state, the pattern is distorted a bit from the omnidirectional patterns at upper frequency at 2.45 GHz as depicted in Fig. 8(c), Fig. 8(d) . This frequency corresponds to the mode where the current travel around the C-shaped patches. It is observed that the patterns resulted from the measurements have many ripples in amplitude due to many reflections into the field between the AUT and reference antenna. The reflections may come from the room floor and ceiling, chamber scattering and track inside the anechoic chamber.
IV. CONCLUSIONS
The C-shaped patch loaded with dipole antenna is being proposed. This design will be able to reconfigure the frequency band of the antenna by switches in controlling the current flow through the radiating C-shaped patches. A single dipole is operated when the switches are OFF excited at 1.2275 GHz for GPS application. The dual-band frequency is performed at 0.89 GHz and 2.45 GHz, UHF and ISM bands for RFID applications when the switches are ON state. The upper band of the antenna can be adjusted by varied the value of d and b of the C-shaped patch. The simulation of the radiation pattern gives an omnidirectional pattern for both single band and dual bands. The proposed antenna has been fabricated and tested and it showed good agreement between simulated and measured results.
